There are approximately 1.3 million patients in Australia with diabetes. Conflicting reports exist in the literature as to the effect of diabetes on the outcomes of colorectal cancer patients. We hypothesized that patients with diabetes would have poorer perioperative outcomes, and that diabetes was an independent risk factor for both 30-day mortality and perioperative morbidity. The aim of this study was to assess the impact of diabetes on perioperative colorectal cancer surgery outcomes, as compared to a diabetes-free reference population, and to examine factors affecting perioperative risk. We conducted an analysis of a prospectively collected, clinician-led colorectal cancer database of patients from 2010-2015. Patients with diabetes were compared to patients without diabetes on a range of perioperative outcomes. Pearson χ-squared tests, Wilcoxon rank sum tests and t-tests were employed for univariate analyses. Confounding factors were controlled for by separate logistic and linear regression analyses. The Huber-White Sandwich Estimator was used to calculate robust standard errors. A total of 1725 patients were analysed over 1745 treatment episodes in the study period with 267 patients (268 episodes) with diabetes studied. Diabetes contributed to medical, surgical complications, and increased length of inpatient stay in univariate analyses. Multivariable analysis adjusted for variables independently associated with each outcome revealed that diabetes was an independent contributor to an increased risk of surgical complications, with no significant effect on medical complications, return to the operating room, 30-day mortality, or readmission within 30 days. In this study, where overall baseline morbidity and mortality levels are low, the effect of diabetes alone on perioperative surgical outcomes appears to be overstated with control of associated perioperative risk factors such as cardiac, renal and respiratory factors being more important.
Introduction
It is estimated that 1.3 million patients in Australia and a further 33 million patients in the United States have diabetes [1] . The proportion of these thought to be undiagnosed could be in the range of 40% [1] . Up to 20% of surgical patients will have diabetes listed as a co-morbidity [2] . A recent systematic review examining survival and colorectal cancer had ranges of 3-57% of colorectal cancer patients being afflicted with diabetes [3] . This review concluded that patients with diabetes had higher all-cause and cancer-specific mortality, as well as poorer disease-free survival [3] . Research, however, is lacking in examining the effect of diabetes on perioperative morbidity and mortality in non-cardiac surgery patients. It is postulated that patients with diabetes are at higher risk of perioperative mortality and morbidity [4] . This higher risk is often attributed to their microvascular and macrovascular pathology. Diabetes can induce a pro-thrombotic state [2] , which may influence perioperative outcomes. There is also speculation that hyperglycemia in itself may be an underlying factor leading to poorer outcomes [5] . The function of leukocytes has shown to be adversely affected under hyperglycemic conditions [6, 7] , and numerous studies have shown that diabetes is a factor for increased risk in surgical wound infections [8] [9] [10] . This effect on poor wound healing is probably through inhibition of various mechanisms, such as inhibition of keratinocyte migration, reduced fibroblast proliferation and over-expression of c-myc [11] [12] [13] .
Three previous studies investigated morbidity and mortality in patients with diabetes undergoing non-cardiac surgery procedures, two of which used retrospective administrative databases, and one used a national cancer registry. Yeh et al., [14] used a nationwide database from Taiwan comparing diabetic to non-diabetic patients and found that patients with diabetes were at higher risk of perioperative mortality, as well as at higher risk of acute renal failure and acute myocardial infarction. Fransgaard et al., [15] found an increased 30-day mortality for patients with diabetes but no increase in post-operative complications. Anand et al., [16] using the United States Nationwide Inpatient sample database, concluded that patients with diabetes had a 23% lower mortality and fewer perioperative complications compared to patients without diabetes.
These conflicting results are difficult to reconcile. It is unclear why these three studies vary so much in their results and conclusions. Anand et al., [16] and Fransgaard et al., [15] only examined patients undergoing colorectal resection, while Yeh et al., (13) examined all non-cardiac surgery patients. It may be that Anand et al., (14) had a significant number of patients that were classified as diabetic patients, but in fact had sub-clinical diabetes. We note that Yeh et al., (13) attempted to control for this by including only patients who had at least one hospital admission and one outpatient visit for diabetes in the previous 24 months. However, this may have selected out a cohort at higher risk who would have other significant co-morbidities. Fransgaard et al., [15] based their diagnosis of diabetes on a combination of a national patient register and a national prescription registry. No differences were found between the different diabetic medication groups (metformin, oral diabetic medication, insulin and diet control) in mortality or morbidity. Nonetheless, these three studies provide a confusing mismatch of results into the effect of diabetes on perioperative outcomes.
This study aims to investigate the perioperative morbidity and mortality outcomes of diabetic and non-diabetic colorectal cancer patients using a high quality, prospectively maintained, clinical colorectal cancer database [17] . It is hypothesized that patients with diabetes would have poorer perioperative outcomes, and that diabetes was an independent risk factor for both 30-day mortality and perioperative morbidity.
Materials and Methods

Data Source
The Cabrini Monash University Department of Surgery colorectal neoplasia database is a high quality, prospectively maintained research database. This database incorporates all colorectal neoplasia data from the Cabrini Hospital and The Alfred Hospital, Melbourne and all operations are performed by specialist colorectal surgeons. This database has demonstrated very high levels of data completeness, accuracy, and patient follow-up due to clinician led data entry [17] . It includes detailed preoperative medical profiles, and combines this with detailed perioperative surgical information as well as pathological information. Patients are followedup for a period of 5 years post-surgery, and all data on medical or surgical complications, including recurrence, are captured. The database also contains a comprehensive set of patient data including demographics, detailed pre-morbid conditions, type and manner of surgery, cancer staging, complications and follow-up. Ethics approval for this study was granted by the Cabrini Human Research Ethics Committee (Reference #11-22-06-15). Previous ethics approvals for this database are outlined in a published paper on the establishment on the database [17] .
Study Population
An analysis of the prospectively maintained Cabrini Monash University Department of Surgery colorectal neoplasia database was conducted. The selection criterion included all patients on the database between January 2010 and April 2015 who had undergone resection of colorectal neoplasia. The length of follow-up ranged from just over five years for patients having surgery in January 2010 to three months for patients from April 2015.
Measures and Definitions
Due to the clinician-led nature of the database, all entries have been verified by clinicians undertaking primary care of the patients and are verified at a fortnightly data cleansing meeting that confirms veracity of outcome measures. Basic demographic data such as age and gender were included. Co-morbid conditions that are recorded were obesity (indicated by Body Mass Index (BMI)), hypertension, ischemic heart disease, angina, chronic cardiac failure, use of an anti-platelet agent, liver disease, chronic respiratory disease, cardiovascular disease, current or ex-smoker, and chronic renal impairment or dialysis. The primary outcomes were inhospital and outpatient 30-day mortality, and surgical or medical complications. The division of complications into surgical and medical categories was previously developed by expert opinion and was adopted by the Colorectal Surgical Society of Australia and New Zealand for their Bi-National Colorectal Cancer Audit [18] . Secondary outcomes included rates of return to the operating room, 30-day readmission, and length of stay.
Diabetic status was determined by the separate field allocated in the database. The data includes the diabetes type, use of oral hypoglycemics or insulin, time since diagnosis of diabetes, insulin dose, and the presence of diabetes-related complications (ischaemic heart disease, peripheral vascular disease, neuropathy). Further comparisons were made between diabetic patients with and without diabetic-related complications.
Individual patient characteristics were summarised according to diabetic status. Data on patient demographics, perioperative risks, treatment, mortality and morbidity were compiled. Primary and secondary outcomes were examined for both groups.
Statistical Analysis
For patients having more than one procedure during the period of the study, the characteristic at the time of the first procedure was reported. Differences between the groups were assessed with Pearson's χ-squared tests and t-tests. Factors associated with the dichotomous outcomes of surgical complications, medical complications, return to the operating room, readmission to hospital within 30 days and 30-day mortality were investigated using separate logistic regressions for each outcome. Factors associated with length of stay were investigated using linear regression. The multivariable models for the association of diabetes with each outcome were adjusted for variables showing an independent association with the outcome. An independent association was defined a priori as a term that was significant at the 5% level in the multivariable model. A different set of adjustment variables was used for each outcome. Because some patients had more than one procedure during the period of the study, to account for the lack of independence between these observations, robust standard errors were calculated using the Huber-White Sandwich Estimator as implemented in the statistics software package Stata [19] . Data were analysed with Stata 13 (StataCorp LP, College Station, TX, USA).
Results
A total of 1725 patients were analysed over 1745 treatment episodes in the study period. Twenty patients had metachronous cancers within the study period. Of the total study cohort, 267 patients had diabetes (268 surgical episodes), while 49 of these patients had one or more diabetes-related complication. Table 1 outlines the demographic and pre-morbid features of the patients, divided into patients with and without diabetes. Patients with diabetes were significantly older than patients without diabetes (median 75.7 vs. 69.6 years) and a higher proportion were male (Table 1) . A higher proportion of patients with diabetes had colon cancer and had smoked previously. Patients with diabetes were in poorer health, with statistically significant higher rates of cardiovascular disease, stroke, respiratory disease, hypertension, chronic renal failure, and peripheral vascular disease, as well as a higher mean body mass index than patients without diabetes (Table 1) . Table 2 stratifies study patients with diabetes according to the type of diabetes, duration of diabetes, presence of complications and treatment. The vast majority of patients (262, 98.1%) had type 2 diabetes, with 46 (17.2%) requiring insulin as part of their treatment. Forty-nine (18.4%) of the patients had at least one diabetes-related complication and 69.7% were receiving oral hypoglycemics. Table 3 describes the surgical features of the study patients. The with and without diabetes patient groups had some similarities such as rates of emergent and elective surgeries, as well similar proportions of the different surgical procedures for colon and rectal cancers. Patients with diabetes had more open procedures and a higher rate of laparoscopic to open conversions (11.2% vs. 6.9%, p = 0.02, overall Pearson's χ-squared test). Patients with diabetes scored significantly higher on the American Society of Anaestheologists (ASA) score (ASA 3 and 4; 64.1% vs. 32.4%, p<0.001, Pearson's χ-squared test).
The pathological features of both study patient groups are described in Table 4 . There were no differences between the groups in terms of pathological diagnosis, lymphovascular invasion, and whether patients underwent radiotherapy. Patients without diabetes demonstrated a much higher rate of poorly differentiated cancers compared with patients with diabetes (20.7% vs. 5.9%, p = 0.03, Pearson's χ-squared test), and had a significantly higher rate (34.7% vs. 27.7%, p = 0.03) of patients undergoing chemotherapy. Although there was a difference in overall cancer stage between the groups, there was no underlying trend towards a higher or lower stage. Table 5 compares the outcomes of patients with and without diabetes by univariate and multivariable logistic regression analyses. The presence of diabetes was associated with a significantly increased risk of surgical complications (Odds Ratio (OR) 1.45 CI 95% 1.05-1.99), and medical complications (OR 1.67, CI 95% 1.13-2.46), and increased length of stay (1.53 days, CI 95% 0.31-2.75) on univariate analysis. Multivariable analysis adjusted for variables independently associated with each outcome revealed that diabetes was an independent contributor to an increased risk of surgical complications, with no significant effect on medical complications, return to the operating room, 30-day mortality, or readmission within 30 days. The adjustment variables for each outcome are indicated below Table 5 . A further analysis based on diabetic patients with and without diabetic-related complications was performed ( Table 6 ). The presence of diabetic-related complications was significantly associated with an increased 30-day mortality (OR 13.7, 95% CI 3.4-54.7), and an increased length of stay (linear regression coefficient 3.8 days, 95% CI 0.7-7.1). There was a trend to increased surgical and medical complications, as well as an increased rate of return to the operating room, although these results were not significant.
The predictive factors influencing increased surgical complications in the study patients are shown in Table 7 . Body mass index (OR 1.04, 95% CI 1.01-1.06), emergency surgery (OR 3.04, 95% CI 1.54-5.98), rectal cancer (OR 2.14, 95% CI 1.36-3.36), and four surgical procedures (total colectomy, sub-total colectomy, abdominoperineal resection (APR) and Hartmann's procedure) were predictive factors in the patient cohort for surgical complications. The surgical and medical complications found in patients in this series are listed in Table 8 .
Discussion
Our results indicate that although the outcome of patients with diabetes was worse than patients without diabetes, this was not significant after adjusting for other factors except in the area of surgical complications. Patients with diabetes had significantly higher co-morbidities than patients without diabetes. Therefore, it is likely that the myriad of co-morbidities that patients with diabetes have contributed more appreciably to their perioperative risk rather than the diabetes itself. This may help explain the conflicting findings of previous studies by Yeh et al., Anand et al., and Fransgaard et al., [14] [15] [16] . Although these previous studies have used logistic regression to try and control for confounding variables, there may be an unseen variable that is not apparent in the administrative databases used. Certainly, none of these studies control for impact and type of surgery. The finding in this study in relation to patients with diabetes and surgical complications is likely to relate to the higher rates of infection and poorer healing seen in patients with diabetes [8] . This study contrasts with the study by Anand et al., [16] that found that patients with diabetes have a 23% lower risk of mortality and lower morbidity following colorectal resection. In addition this study does not corroborate with Yeh et al., [14] , which found that diabetes independently increases the perioperative risks to patients. To further conflict with these results, Fransgaard et al., [15] found no increased perioperative morbidity, but an increase of 17% in 30-day mortality in patients with diabetes. By including more variables into our multivariate analysis, we have been thorough in removing possible confounding factors in addition to ensuring that all surgeries were conducted with a specialist colorectal surgeon.
This study and previous studies, have adjusted for age, gender, and premorbid conditions. Additionally, our study adjusted for stage of disease and type of surgical procedure, absent from previous studies. Furthermore, the use of a high quality clinical database in this study minimises the possibility of a systematic error that may be present when using coding databases [14, 16] .
Patients with 'minor or borderline diabetes' had been excluded in the study by Yeh et al., [14] . This has not been strictly defined on biochemical or clinical grounds, but rather on whether patients have had inpatient admissions or outpatient visits [14, 20, 21] . This non-standard definition also increases the risk that the results attributed to diabetes may be caused by an unseen factor, due to the diabetic patients who required recent admission often being frailer overall. Yeh at al., [16] attempted to mitigate for this using a matched system, although this does reduce the protective factor of randomization.
The quality of and access to preoperative and postoperative physician input to care may have been a factor in determining postoperative outcomes. This factor has been mitigated in our study as all patients received preoperative medical assessment and workup at either a private and or a public hospital. In addition, patients had postoperative medical assessment during their stay in hospital.
There are however some limitations to this study. Firstly, the numbers involved do not match some of the administrative-coding based studies previously published and therefore may underestimate any clinical effect of diabetes. However, the use of a high quality, clinically orientated prospective database in this study is invaluable and would be more accurate due to the involvement of clinicians in the data compilation. Secondly, the diagnosis of diabetic complications and severity are based on clinical data, rather than laboratory data such as HbA1c or fasting glucose levels. Thirdly, the data are derived from two tertiary level hospitals, and the results should be viewed from that perspective. Fourthly, the number of patients with Type 1 diabetes in this series is very low, even though a significant number of patients were classified as insulin-requiring Type 2 diabetes patients. In this study diabetes is a marker for an increased risk of postoperative morbidity and increased length of stay, however it only remained an independent contributor to the risk of surgical complications. One of the difficulties inherent to the study of diabetic patient outcomes is that many of the premorbid conditions such as chronic renal failure and ischaemic heart disease are directly influenced by diabetes, and indeed are a marker of severity and duration of diabetes. These same conditions have adverse effects on perioperative outcomes, which can be independent of the presence of diabetes. This was reflected in our study with ischaemic heart disease being an independent predictor of medical complications. Although patients with complications of diabetes did more poorly on one measure (increased 30-day mortality), the other areas such as surgical and medical complications were not significant. This is most likely due to the fact that different complications such as ischaemic heart disease and neuropathy have different effects on the surgical outcome, as well as the smaller numbers in this cohort. Therefore, this study points out that the long-term control of diabetes to reduce the incidence and severity of these associated pre-morbid conditions is probably more important than the short-term control of perioperative hyper-and hypo-glycaemia. Although outcomes such as wound infection have had direct association with hyper-and hypo-glycaemia [8] [9] [10] , this area is not well studied. This adds another argument to effective long-term control of diabetes; that is, the improvement of perioperative outcomes. Clinicians and patients should realise that a short-term improvement in diabetic control peri-operatively is unlikely to reduce perioperative risk. Further research targeting the perioperative effects of hypoglycaemia and hyperglycaemia is required.
